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Introduction
The relative importance of various sources of rare earth elements (REE's) to the oceans has been of interest since Piper (1974) first calculated a mass balance for these elements in the marine environment. Although there is general agreement that rivers are the dominant source of REE's, estimates of fluxes from rivers and other sources have varied considerably. For example, early calculations for rivers (e.g., Piper, 1974) were based on limited data and assumed a simple and direct transfer of dissolved fluvial REE's to the pelagic environment. The only measurements of REE's in river waters available to Piper (1974) were those reported for the Gironde River (Hogdahl et al., 1968 ) : thus he was forced to assume that these were representative of world average values. Subsequent investigations indicate that fluvial input processes are complicated: for example, the assumption of direct REE transfer from rivers to oceans is an oversimplification. Both field (Martin et al., 1976; Goldstein and Jacobsen, 1988 ) and laboratory (Hoyle et al., 1984) studies have shown that a significant portion (60-90%) of REE's in river waters are removed in estuaries, probably through a combination of sorption and co-precipitation reactions (Fleet, 1984) . Moreover, Hoyle et al. (1984) have suggested that estuarine removal processes tend to attenuate any initial differences in fluvial REE concentrations, such that rivers with a relatively high initial REE content are likely to experience a greater degree of 0009-2541/91/$03.50 © 1991 Elsevier Science Publishers B.V. All rights reserved.
REE removal in estuaries compared to rivers with a lower initial REE content.
The recognition that substantial amounts of dissolved REE's are removed in estuaries implies that REE inputs from non-riverine sources comprise a proportionally greater contribution to the total input. Some authors (Fleet, 1984; Goldstein and Jacobsen, 1988) have suggested that hydrothermal REE inputs may be important in this regard. Measurements of REE concentrations in hydrothermal vent fluids have been determined from samples collected along the East Pacific Rise at 13°N and 21°N (Michard et al., 1983; Michard and Albar6de, 1986) , the Juan de Fuca Ridge (Hinkley and Tatsumoto, 1987) , and at the mark site along the Mid-Atlantic Ridge at 23°N (Campbell et al., 1988) . In all cases the hydrothermal fluids were found to be significantly enriched in REE's (10-104 times ambient seawater concentrations) and exhibited a pronounced, positive Eu anomaly. Based on these findings, it is possible that hydrothermal fluids may represent a significant secondary source of REE's (especially Eu) to the oceans.
The present study is concerned with the fate of Eu and other REE's in hydrothermal fluids and, in particular, with the question of whether or not hydrothermal Eu inputs contribute significantly to the total mass of Eu in seawater. Recently, Goldstein and Jacobsen ( 1988 ) have suggested that a discrepancy exists between the amount of Eu in seawater and the predicted amount based on calculated Eu inputs from river and hydrothermal sources. If it is assumed that REE's from vent fluids (which are characterized by high positive Eu anomalies) are directly transferred to seawater, and that Eu is removed at the same rate as its nearest neighbors in the lanthanide series, then the combined REE flux from both rivers and hydrothermal solutions should result in a significant positive Eu anomaly for the REE pattern of seawater. The problem, as identified by Goldstein and Jacobsen (1988) , is that, although the concentration of REE's varies both within and between ocean basins (Elderfield and Greaves, 1982; De Baar et al.. 1983 , no positive Eu anomaly of the expected magnitude has been observed. Goldstein and Jacobsen (1988) suggest that this discrepancy implies that the measurements of Eu in vent fluids are not representative of hydrothermal solutions in general, and/or, there is some unknown source of REE's to the oceans which is depleted in Eu. This would tend to attenuate the effect of hydrothermal Eu inputs on the REE pattern of seawater. A third possibility is that there are significant inaccuracies in the values they used to compute the mass flux of dissolved REE's entering the ocean from rivers. The last possibility is suggested because the riverine REE flux values they report are based upon estimates of REE removal in estuaries. Any one of these possibilities, if valid, has significant implications for our understanding (or lack thereof) of the marine geochemical cycle of the REE's.
The present study indicates that this discrepancy is actually due to a false assumption concerning the fate of REE's in hydrothermal fluids. In an analogous sense to what Goldstein and Jacobsen ( 1988 ) have shown to be the case for rivers, the quantitative significance of hydrothermal REE inputs to the ocean does not depend on the amounts that are originally present in the hydrothermal fluid, but, instead, is highly dependent upon their ability to escape removal processes and become incorporated into seawater. Previous work has shown that the Fe-rich oxyhydroxide precipitates which form when hydrothermal fluids mix with seawater are highly efficient scavengers of REE's (Ruhlin and Owen, 1986a, b) . In this study we have used the REE composition of hydrothermal sediments to estimate the relative degree of REE scavenging from the fluid phase and to show that, in the presence of excess Fe, the intensity of REE scavenging is proportional to the original REE concentrations in the fluid. These results support our previous argument that REE scavenging from hydro-thermal fluids is both rapid and extensive ~0 '~ (Olivarez and Owen, 1989 it is manifested by hydrothermal sediments rather than seawater.
Methods
The 50 samples analyzed in this study were obtained from the Deep Sea Drilling Project (DSDP) Site 598 (19 ° 0.282'S, 124 ° 40.606'W) . Site 598 comprises a 43 m column of sediments which represents a complete record of hydrothermal sedimentation along the western flank of the EPR during the past 16 Myr and over paleo-distances ranging from 9 to 1150 km from the ridge axis. The geochemical data used in this study were obtained by instrumental neutron activation analysis (INAA) at the Phoenix Memorial Laboratory, The University of Michigan, using standard INAA procedures (Gordon et al., 1968; Dams and Robbins, 1970) . A detailed description of the procedures used to analyze these samples, including the geochemical and mass accumulation rate data, are given in Ruhlin and Owen ( 1986a, b) . Statistical analyses of the chemical data were performed using MIDAS, a package of computer programs provided by the Statistical Research Laboratory at The University of Michigan (Fox and Guire, 1976) .
Results and discussion

The Eu discrepancy and its implications
A comparison of the shale-normalized REE patterns of average seawater, rivers, and hydrothermal vents (Fig. 1) Goldstein and Jacobsen ( 1988 ) to construct the river and seawater REE patterns in Fig. 1 . For the seawater pattern, Goldstein and Jacobsen (1988, Elderfield and Greaves (1982 ), De Baar et al. (1983 and Klinkhammer et al. (1983) at five different stations and at a depth of 2.5 kin. The REE data for river inputs, which reflect estuarine removal processes, were taken from recent river data reported by Goldstein and Jacobsen (1988) . Data for hydrothermal vents were taken from Michard and Albarbde ( 1986 ) and represent a best estimate of the end-member vent fluid concentrations (see discussion in Owen and Olivarez, 1988 ). An estimate of the relative contribution of Eu from hydrothermal vents versus rivers can be obtained by calculating a total REE flux from both of these sources. A lower boundary is based on the information reported in Goldstein and Jacobsen ( 1988 ) , who calculate that hydrothermally derived Eu equals about 28% of the river input. To obtain this value, they assumed: the effective dissolved load of Eu in river waters (i.e. the average concentration of' Eu in river waters after estuarine removal processes) is 1.04 ng/kg; a global river water discharge of 4.2 × 10 ~ g/yr: and a hydrothermal fluid flux of 2.9 X 10 ~6 g/yr, Their estimate for the average value of Eu in hydrothermal fluids is not stated explicitly, but they do report that this value was obtained by averaging REE concentration data for hydrothermal fluids at 13°N and 21°N from Michard et ai. (1983) and Michard and Albarbde (1986) . Based on the above data and their estimate that the ratio of the Eu hydrothermal to river flux ratio is 0.28, we calculate that they must have used a value of 421 ng/kg as the average concentration of Eu in hydrothermal fluids. A significantly higher plume/river flux ratio can be obtained by using only those samples of hydrothermal fluids which are relatively pure, and a slightly lower value for the global river water discharge. Owen and Olivarez (1988) estimated the average REE concentrations in hydrothermal fluids from 13°N and 21 °N by considering only those samples collected in Ti sample bottles by Michard and Albarbde (1986) , and among these, only those samples whose Mg concentrations suggest the recovery of a more than 90% pure hydrothermal fluid. These considerations result in a significantly higher value ( 518 ng/kg versus 421 ng/kg) for the concentration of Eu (and other REE's) in hydrothermal fluids. Using this higher value for Eu, along with a lower estimate of the global river flux (3.74 × 1019 g/yr; Martin and Meybeck, 1979) , we calculate that the hydrothermal to river flux ratio for Eu is 0.39, which is higher than the ratio (0.28) reported by Goldstein and Jacobsen ( 1988 ) . The values we calculate serve to augment the discrepancy in the predicted versus observed REE pattern of seawater discussed by Goldstein and Jacobsen, who used a more conservative estimate for the hydrothermal Eu flux.
Of all the parameters involved in making the flux comparisons, the greatest uncertainty is associated with the mass flux value of hydrothermal fluids. In general, the flow rate of seawater through the oceanic crust will depend on the convective heat flux anomaly, the average temperature of reaction, and the heat capacity of the fluid. An expression for the rate of hydrothermal circulation is given by (after Wolery and Sleep, 1976) :
where HTF=the hydrothermal fluid mass flux (g/yr); H=the convective heat flow anomaly (cal./yr ); and T~ = average temperature of the entering fluid (approximately 3 ° C ): T_~ = average temperature of the exiting hydrothermal fluid (°C); (~\,=the heat capacity of the fluid (= 1 cal./(g/°C)).
Estimates of this value span two orders of magnitude based on the SHe content of hydrothermal fluids (Lupton et al., 1980; Michard et al., 1983 ) and the integrated 3He flux into seawater (Jenkins et al., 1978: Craig and Lupton, 1981 ) , as discussed by Goldstein and Jacobsen (1987) . Another uncertainty is concerned with the validity of using the helium data to estimate the amount of on-axis hydrothermal activity. Geophysical and geochemical studies suggest that as much as 80-90% of the total heat may be dissipated as off-axis hydrothermal circulation through sediments (see Wolery and Sleep, 1988 , for a summary of these studies). An important consideration, however, is that because off-axis circulation occurs at lower temperatures, it requires a much higher mass flux of water to satisfy the convective heat anomaly than if all of the circulation occurred on-axis at higher temperatures. Hy-drothermally altered rocks from three off-axis drill sites represent reaction temperatures between 20 ° and 80°C (Hart and Staudigel, 1978 , as cited in Wolery and Sleep, 1988) . Assuming an average exit temperature of 50°C for oft-axis circulation, a global convective heat flow anomaly of 50 × 10 is cal./yr (Wolery and Sleep, 1988) , and that 80% of hydrothermal circulation occurs off-axis, we estimate the mass flux ofhydrothermal circulation to be 8.5 × 10 ~7 g/yr. This represents a thirty-fold increase in the amount of seawater circulating through off-axis hydrothermal systems relative to the amount flowing through axial systems at an exit temperature of 350°C. The chemical fluxes between seawater, sediments, and basalt at off-axis sites may be significant: however, they cannot be estimated from the data presently available. In this regard an important assumption of the Goldstein and Jacobsen (1988) study is that the mass flux of REE's to seawater from both rivers and hydrothermal vents is additive, which implies that the Eu anomaly of seawater, for example, could be used to constrain the hydrothermal flux.
REE scavenging by hydrothermal precipitates
This discrepancy between the expected versus observed REE pattern of seawater is investigated in the present study by examining the fate of hydrothermally derived REE's in the marine system. We hypothesize that seawater does not exhibit a significant positive Eu anomaly because, relative to its neighbors in the lanthanide series, this element is preferentially removed (scavenged) from vent solutions by hydrothermal precipitates. As a first approximation, we suggest that the rate of removal is proportional to the REE concentration in the fluid phase, rather than at a rate proportional to atomic number. A simple quantitative model of this hypothesis is given by the following relationship:
where (C)REE-S ...... =the concentration of a particular REE scavenged by the hydrothermal precipitate; (C)REEmuid=the concentration of a given REE in the fluid phase (seawater, hydrothermal solutions ): and I = time.
This hypothesis implies that the scavenging of REE's by hydrothermal precipitates is nonspecific with respect to individual REE's, and that relatively large amounts of vent-derived Eu become incorporated into precipitates rather than seawater.
Earlier attempts to model chemical scavenging have been based on the one-dimensional vertical concentration profiles (Craig, 1974; Boyle et al., 1977; Measures and Edmond, 1982 ) of trace elements in seawater. However, the utility of these models for predicting the scavenged trace element flux to marine sediments, particularly with respect to the REE's,
has not yet been adequately demonstrated. On the other hand, attempts to model scavenging processes based on the analysis of solid phases are complicated by the fact that marine sediments are typically multi-component systems comprised of lithogenous, biogenous, and hydrogenous phases. In the case of the REE's, it is especially difficult to determine how these elements are distributed among each of these phases. This problem has been minimized in the present study because Site 598 sediments represent a geochemically simple two-component system consisting of biogenous carbonates and hydrothermal precipitates (Ruhlin and Owen, 1986a) . Palmer (1985) has demonstrated that the REE content of foraminiferal biogenic shell material is very low: consequently, the distribution of the REE's in Site 598 samples can be assumed to be associated exclusively with the hydrothermal component.
The behavior of REE's in Site 598 samples has been studied by Ruhlin and Owen ( 1986a, b) who report that hydrothermal precipitates are particularly effective scavengers of REE's from seawater. Their work also suggests that scavenging continues as a post-depositional process. Although REE mobilization during early diagenesis has been found in reducing nearshore sediments (Elderfield and Sholkovitz, 1987) , Site 598 sediments, located in an open ocean environment, show minimal evidence of diagenetic alteration . Hence, diffusion of REE's through pore waters is assumed to represent a negligible source. Plots of the REE content of the hydrothermal component versus distance from the paleorise axis (Fig. 2) show that the degree of scavenging is related to the distance which these precipitates have been carried away from the rise crest. However, because the time required for currents to carry hydrothermal pre- Fig. 2 . Relationship between the REE/Fe concentration ratio in DSDP Site 598 hydrothermal sediments and the distance these precipitates have travelled away from the paleo-rise crest for three representative elements. In general, the REE content increases with increasing distance and there is a significant increase in REE uptake for precipitates deposited below the paleo-lysocline.
cipitates to their farthest site of deposition (years or less) is much less than the burial time of these sediments (thousands of years), REE scavenging will primarily reflect the exposure of these precipitates to overlying seawater while at the sediment-water interface before their ultimate burial.
Scavenging indices
A suitable test of the hypothesis that Eu and other REE's are removed from solution (seawater) at a rate which is proportional to their concentration in the fluid requires a quantitative assessment of the relative degree of scavenging for each REE under consideration. This was achieved by calculating a "scavenging index" for each REE. This index is defined as the slope value obtained from the linear regression of the REE/Fe ratio of hydrothermal sediments as a function of distance travelled away from the paleorise crest.
The justification for defining these indices is based on scatter plots of the type shown in Fig.  2 . Here the REE/Fe ratio in the hydrothermal component is plotted against distance travelled from the paleorise crest. The REE content of each sample was normalized to its iron content because previous investigations (Ruhlin and Owen, 1986a, b) of these samples have shown that the REE's are associated primarily with the Fe phases. The three plots shown in Fig. 2 are typical of those observed for all eight of the REE's under consideration. In general, the REE content of the hydrothermal phases increases with increasing distance away from the paleorise crest. Although the shape of each curve is non-linear over the entire distance range, as a first approximation, uptake of REE's can be modelled as linear with distance assuming the existence of two subpopulations. The first subpopulation, comprised of hydrothermal precipitates deposited be-tween 0 and 450 km from the paleorise crest, shows a relatively gradual increase in REE per unit distance, while the second subpopulation (those deposited beyond 450 km) exhibits an enhanced increase in REE's. The rationale for defining two subpopulations is based on the fact that, for each plot, a change in the geological conditions occurs at this location (450 km ) from the paleorise crest. Specifically, it represents the position of the paleolysocline determined for this site (Rea and Leinen, 1986) . Due to the enhanced rate of carbonate dissolution, the downcore position of the paleolysocline reflects a significant change in the total sediment mass accumulation rate (MAR). Consequently, hydrothermal precipitates which were deposited at distances greater than 450 km from the paleorise crest, below the paleolysocline, were buried relatively slowly and exposed to seawater much longer compared to those deposited closer to the paleorise crest. Thus, the below-lysocline samples should have an overall higher REE content due to longer exposure to seawater. Linear sedimentation rates for the two sample groups range between 0.05-0.19 cm/yr for the below-lysocline group and 0.31-0.81 cm/yr for the above-lysocline group.
This line of reasoning was tested by examining the relationship between the REE/Fe concentration ratio and the sample mass accumulation rate (MAR) . MAR values are the product of the measured linear sedimentation rate (LSR) and the measured dry bulk density (see Leinen et al., 1986 ). If burial rates (i.e. relative exposure to seawater) have a negligible effect on the REE content of the two sample groups (above versus below lysocline ), then no correlation should be found between these two variables. However, as shown in Fig. 3 , an inverse relationship is observed, indicating that burial rates limit the degree to which hydrothermal precipitates scavenge REE's. (A similar pattern between these two variables, as shown in Fig. 3 for Eu, is generally observed for all REE's.) Ruhlin and Owen (1986a, b) DSDP Site 598 have reported that the REE content of Site 598 samples has not been affected by the remobilization of Fe and Mn in the sediment column; however, our results indicate that these samples have been affected by post-depositional REE scavenging from the overlying waters.
Because the REE content of Site 598 sediments has been influenced by the sediment mass accumulation rate, the samples were divided into two subpopulations representing an above and below lysocline sample group. As discussed earlier, this distinction simplifies the relationships observed for each scatter plot of the type shown in Fig. 2 . Each subpopulation displays a linear relationship between the change in REE content of the hydrothermal precipitates [d(REE/Fe)] per unit distance (dx) these precipitates have travelled away from the paleorise crest. That is, the slope value (Table I ) of these line segments [d (REE/Fe)/ dx], reflects the combined effects of both distance and time on the scavenging process and is a quantitative measure of REE scavenging intensity by hydrothermal precipitates. Scavenging indices (slope values) and their statistical significance levels (p values) are reported in Table I for each REE in both sample groups. Such indices were also calculated using the age of the sample, instead of distance from the paleorise crest, as the independent variable. However, this substitution has no qualitative effect on the interpretations which are presented in the remainder of this paper, so, for the sake of convenience, we present our results using distance as the independent variable.
Scavenging indices and fluid phase concentration
The relationship between the calculated scavenging indices (Table I) An extrapolation of the correlation found between the calculated scavenging indices and seawater concentration predicts that REE scavenging rates are very high in hydrothermal plumes, especially for Eu. This is supported by field observations which show that seawater samples collected in the vicinity of hydrothermal vents (Klinkhammer et al., 1983) are actually depleted in REE's relative to ambient seawater at a comparable depth, as well as by sediment geochemistry data which show that the magnitudes of the REE/Fe ratios in both proximal and distal hydrothermal sediments are much greater than those which characterize end-member hydrothermal plumes (Olivarez and Owen, 1987, 1989 ) . In other words, scavenging by hydrothermal precipitates is sufficient to remove all of the vent-derived REE's in addition to REE's in the ambient seawater.
Europium anomalies
The Eu anomaly is characterized by a deviation of the shale-normalized concentration of Eu relative to its neighbors in the lanthanide series, assuming that the abundance of these elements varies in a linear fashion with increasing atomic number. Quantitatively, this has been calculated using the following formula:
Eu anomaly = log~o [ Eu* / ( 2 Sm* + ~ Tb* ) ]
where Eu*, Sm*, and Tb* refers to the shalenormalized value of the REE in the sample. In the case of hydrothermal vent solutions, Tb data are not available: instead values which have been reported for Gd have been used and the equation was modified to reflect this substitution:
Eu anomaly=log~o [Eu*/( ½Sm*+ ½Gd*) ]
If the rate of REE scavenging is proportional to the amount of REE's in the fluid phase, then the REE pattern of Fe-rich hydrothermal precipitates which initially form in the plume should exhibit a more positive Eu anomaly relative to those which form after the plume has become diluted by seawater. That is, there should be a significant difference between the Eu anomalies of proximal and distal hydrothermal sediments. This hypothesis was tested by comparing the Eu anomaly values of Site 598 sediment samples with the two end-member values calculated for both seawater and hydrothermal vent solutions, and by examining the Eu anomaly values of these sediments as a function of their distance from the paleorise crest.
The average Eu anomaly of hydrothermal vent solutions from the East Pacific Rise (Michard and Albar~de, 1986) is +1.00. This value is based on end-member samples collected from 13°N (Eu anomaly= +0.98: average of samples 14Ti2 and 20Ti4) and from 21°N (Eu anomaly= + 1.03; average of HG and OBS samples). The average Eu anomaly of seawater for the samples used in Fig. 1 is -0.082. For comparison, we also calculated the Eu anomaly of Pacific seawater, where Site 598 samples are located, to account for interbasin variations which might be present. This value, obtained by using eight VERTEX II deep water samples (De Baar et al., 1985 ) collected between depths of 1000 and 3250 m, is essentially zero ( +0.0002 ).
A plot of the Eu anomalies of Site 598 samples is shown in Fig. 5 as a function of their distance from the paleorise crest. In general, the Eu anomaly values of these samples range between + 0.01 and + 0.13 and are enriched relative to the global average values (-0.082) and to Pacific seawater (Eu anomaly= + 0.0002 ). This plot also suggests that this enrichment is due to scavenging from a plume source as evidenced by the relative change in these values with increasing distance from the paleorise crest. In general, these values decrease and become more "seawater like" away from the ridge axis and more plume like closer to the axis. The fact that the Eu anomaly values of the samples closest to the paleoridge axis do not equal the value for end-member vent In general, these values are more "plume-like" closer to the paleo-ridge axis and become more seawaterlike away from the axis, suggesting a continuous "overprinting" of an initial plume REE signature with increasing exposure to seawater.
solutions is not surprising given the fact that these samples represents deposition 9 km away from the injection site. An original plume signature would likely be attenuated by continued scavenging from seawater. Eu anomaly values for nearly "pure" proximal hydrothermal sediments (i.e. minimal seawater contamination) were calculated for sediments recovered from the Red Sea Deeps (Courtois and Treuil, 1977; Oudin and Cocherie, 1988) . The REE patterns of these samples have been interpreted as being derived from a predominantly hydrothermal source; therefore, their Eu anomaly values can be used to estimate an upper bound for hydrothermal precipitates which have been exposed to relatively high hydrothermal inputs. Relative to Site 598, located in the open ocean, the Red Sea Deeps have been shielded from exposure to normal seawater due to the stability of very dense hydrothermal brines which are found within these deeps. Although these samples reflect enhanced exposure to the hydrothermal fluids, their Eu anomaly values are nonetheless attenuated relative to the predicted endmember Eu anomaly value for vents. For example, Eu anomaly values for samples from the Atlantis II Deep range between +0.32 and + 0.55. In a comparative sense, it is reasonable to expect that Site 598 samples would exhibit lower Eu anomaly values, and in this regard the Eu anomaly data may indeed reflect the combined effects of an initial plume signature which was subsequently overprinted by seawater-derived REE's. This hypothesis is supported by the behavior of REE's in vent particulates along the Mid-Atlantic Ridge (German et al., 1990 ).
Conclusions
The impact of seafloor hydrothermal activity upon the REE geochemistry of seawater depends upon the removal efficiency of these elements once the hydrothermal fluid is debouched onto the seafloor. Assuming that the removal rate of Eu is the same as its neighbors, then Goldstein and Jacobsen ( 1988 ) have suggested that the REE pattern of seawater should exhibit a positive Eu anomaly due to the high Eu concentrations in hydrothermal vents. Based on the scavenging indices calculated for Site 598 sediments, our study indicates that this assumption is not valid. We propose that, as a first approximation, the REE's are scavenged from solution at a rate proportional to their concentration in the fluid phase and, as previously reported by Olivarez and Owen ( 1989 ) , seafloor hydrothermal activity acts as a net sink for REE's in seawater. Thus, for the modern case, Eu is predicted to be disproportionately removed from hydrothermal fluids relative to its neighbors.
An examination of the Eu anomaly values of Site 598 sediments indicate two primary sources of REE's: seawater and hydrothermal vents. The variation in the Eu anomaly values with distance from the paleorise crest suggests that an initial plume-like REE signature, which is most evident for samples closest to the paleorise crest, is achieved shortly after the fluids debouch onto the seafloor. This signature is then "overprinted" with REE's subsequently scavenged from seawater. From these results we conclude that the Eu anomaly of seawater is not a good proxy indicator for constraining the hydrothermal fluid flux because Eu and the other REE's are rapidly removed from this system. Thus, there is no reason to think that the REE measurements which have been reported thus far for hydrothermal vents are not representative of typical end-member solutions, or that the estuarine removal rates for the REE's other than Eu (Goldstein and Jacobsen, 1988 ) are too high.
